Abstract Gluons inside an unpolarized proton are in general linearly polarized in the direction of their transverse momentum, rendering the LHC effectively a polarized gluon collider. This polarization can be utilized in the determination of the spin and parity of the newly found Higgs-like boson. We focus here on the determination of the spin using the azimuthal Collins-Soper angle φ distribution.
the proton, but also transverse to it. More specifically, the differential cross section for the inclusive production of a photon pair from gluon-gluon fusion is written as [15; 16; 17] , 2 , k T , ζ 2 , µ), (1) with the longitudinal momentum fractions x 1 = q · P 2 /P 1 · P 2 and x 2 = q · P 1 /P 1 · P 2 , q the momentum of the photon pair, M the gg → γγ partonic hard scattering matrix element and Φ the following gluon TMD correlator in an unpolarized proton,
with p
T and g µν T = g µν − P µ P ν /P ·P − P µ P ν /P ·P , where P and P are the momenta of the colliding protons and M p their mass. The gauge link U
[0,ξ] for this process arises from initial state interactions. It runs from 0 to ξ via minus infinity along the direction n, which is a time-like dimensionless four-vector with no transverse components such that ζ 2 = (2n·P ) 2 /n 2 . In principle, Eqs. (1) and (2) also contain soft factors, but with the appropriate choice of ζ (of around 1.5 times √ s), one can neglect their contribution, at least up to next-to-leading order [15; 17] . To avoid the appearance of large logarithms in M, the renormalization scale µ needs to be of order M h .
The second line of Eq. (2) contains the parametrization of the TMD correlator in the conventions of Ref. [18] , where f g 1 is the unpolarized gluon distribution and h ⊥ g 1 the linearly polarized gluon distribution. The Higher Twist (HT) terms only give power suppressed contributions at small transverse momentum.
The effect of the linearly polarized gluon distribution is such that, for positive values, the probability of finding a gluon with linear polarization along its transverse momentum is larger than the probability of finding it perpendicular to it. For negative values, this is reversed. Full gluon polarization corresponds to h ⊥g 1 saturating its upper bound, i.e., |h [18] .
General structure of the cross section
The general structure of the differential cross section for the process pp → γγX follows from Eq. (1) and (2) and can be written as (cf. Ref. [19] 
up to corrections that are q 2 T /Q 2 suppressed at small q T . The cross section is differential in Q, Y and q T , which are the invariant mass, rapidity and transverse momentum of the pair in the lab frame and in the Collins-Soper angles θ and φ. The latter two are defined as the polar and azimuthal angle in the Collins-Soper frame [20] , which is the diphoton rest frame with thexẑ-plane spanned by the 3-momenta of the colliding protons and thex-axis set by their bisector. The convolution C is defined as
in which the longitudinal momentum fractions are given in the aforementioned kinematical variables by
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The weights that appear in the convolutions are defined as
and the F i factors can be expressed as,
Re M ++λ3λ4 M −−λ3λ4 * ,
in terms of the gg → γγ helicity amplitudes, that are defined by
in terms of the covariant polarization vectors,
in which
Partonic cross section
We will consider the partonic process gg → X i → γγ, where X i can either be a spin-0, spin-1 or spin-2 boson. The helicity amplitudes, as defined in Eq. (8), will be given in the following matrix notation,
Spin-0
For a spin-0 boson the helicity amplitudes read
in which V ±± gg0 and V ±± γγ0 are the ggX 0 and γγX 0 helicity vertices. We will assume equal coupling to gluons and photons and express the helicity vertices in the conventions of Refs. [8] and [9] , i.e.,
up to a constant factor that will be irrelevant for us as we will only be interested in distributions and not the absolute size of the cross section. In this parametrization of the vertex, the following non-zero F factors in Eq. (3) are obtained
again up to a constant factor.
Spin-1
For a spin-1 boson the helicity amplitudes would read
which has the following behavior under interchange of either initial or final state particles, M X1 (θ) = −M X1 (θ + π). However, for identical particles in either the initial our final state, one should have M X1 (θ) = M X1 (θ + π). This implies that, for identical particles, V
= 0 and that this partonic channel is thus forbidden, in accordance with the Landau-Yang theorem [21; 22] . In case of non-identical particles, the behavior of a spin-1 resonance would be equal to that of a spin-0 boson, but with a characteristic cos 2 θ dependence of the cross section.
Spin-2
For a spin-2 boson the helicity amplitudes read
in which V ±± gg2 and V ±± γγ2 are the ggX 2 and γγX 2 helicity vertices. We will assume equal vertices for gluons and photons, and express them in the conventions of Refs. [8] and [9] , i.e.,
up to a constant factor. In the remainder, c 6 will be dropped as it can, in the coupling to massless particles, not be distinguished from c 5 . The following non-zero F factors in Eq. (3) are obtained
up to a constant factor and where we have defined
Results
We will concentrate here on the CS φ distribution and refer for predictions on the transverse momentum distribution to our Ref. [14] . In addition to our Ref. [14] we will also consider forward Higgs production, which can be used to search for a CP -violating spin-2 Higgs coupling.
To make numerical predictions we will use the the various coupling scenarios that are defined in Ref. [9] , to which we will add 2 + h , 2 + h and 2 CPV . The first two scenarios that we add serve as an example of two spin-2 coupling hypotheses that are indistinguishable in the θ distribution, but do have a different φ distribution. The last one serves as an example of a spin-2 coupling that violates CP symmetry. The scenarios are summarized in Table 1 . To make numerical predictions we use the same Ansatz for f g 1 as described in our Ref. [14] . For forward Higgs production, we now also need f s. Within the range of rapidity that we will consider, |Y | ≤ 1, we will approximate the shape of f g 1 to be independent of x, i.e., in the language of Ref. [14] only A 0 depends on x.
The linearly polarized gluon distribution will be expressed in terms of the degree of polarization P and the unpolarized gluon distribution, i.e., h
The degree of polarization P, as function of x and p T , will be calculated using the methods described in Ref. [23] .
In Figure 1 we show our prediction for the CS φ distribution for central and forward Higgs production. The backward distribution can be obtained from the forward one by replacing φ → −φ. From the plot we can see that various spin-2 coupling scenarios produce non-isotropic φ distributions. The difference from the isotropic spin-0 distribution is of such a size that, with the given collected data set, it might well be possible to put constraints on various spin-2 coupling hypotheses. Especially the benchmark scenarios 2 h and 2 h are significantly different from the spin-0 scenario and could therefore relatively easily be excluded. The 2 CPV benchmark scenario displays a characteristic asymmetric φ distribution in the forward region that can only be caused by a CP -violating coupling.
Conclusion
We have presented the CS angle φ distribution in the process pp → X i X → γγX, for X i a spin-0 and spin-2 boson with generic couplings, taking into account the fact that gluons inside an unpolarized proton are partially linearly polarized. Numerical predictions of the φ distribution show that various spin-2 coupling scenarios differ substantially from the isotropic spin-0 prediction, to an extent that a measurement of this distribution, based on the current data set collected by ATLAS and CMS, might already be enough to exclude these scenarios.
